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The Very Basics of Sustainability
—an Alternative Viewpoint
Jim McGovern
School of Mechanical and Transport
Engineering,
Dublin Institute of Technology, Ireland
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I will not try to define sustainability, but some of
its very basics are:
• Context
• Earth climate
• Earth population
• Options and choices
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I advocate keeping an open mind on all
available options.
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• 14,500,000,000 years ago
• 4,500,000,000 years ago
• Nothing, so far, has been sustained!
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• Universe expanding
• We are passengers
• The very atoms—cataclysmic galactic events
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•
•
•
•
•

Cosmos—change and cycles
Meteorites
Ice ages, hot periods
Natural nuclear reactors
Magnetic polarity

6

•
•
•
•

Delicate balance
Stabilizer— the Moon
10,000 years ago: organised human society?
Influence weather, appearance
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The Very Basics of
the Earth’s Climate

•
•
•
•

Earth cooling down very slowly?
Earth core 5,800 K
Outer mantle and crust—good insulators
Internal goings-on—do not affect climate
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• Earth is a ball
• Energy balance
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• Intercepts solar energy
like a disk
• 1.37 kW/m2
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• Space is at 2.725 K
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•
•
•
•

Very Basic Analysis with no Atmosphere
Receiving hemisphere, emitting sphere—grey
bodies
Deduce temperature of Earth: 278.8 K
Actual mean surface temperature: 287 K
About 8 K too low

12

•
•

•
•

Better Basic Analysis with no Atmosphere
Calculate temperatures for latitudinal bands
They vary from very low near the poles to
about 296 K at the Equator, with a mean of
about 275.7 K
Actual mean surface temperature: 287 K
About 11 K too low
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Conclusion from the Basic Analyses
Climate (mean surface temperature) depends
on:
– distance from the Sun
– spin (exposing surface)
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•
•
•
•
•
•

The Topography of the Earth and its Oceans
Not in stasis—changes over millions of years
If considerably less profiled—layer of water
¾ water (liquid and solid) at sea level
If ice accumulates near the poles—level of the
oceans drops
If ice near the poles melts—oceans rise
Both types of change occur
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•
•
•
•

Ice Age
More water as ice at medium to high latitudes
Sea levels lower
More land area, less ocean area
At medium to high latitudes much land
covered by glaciers
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Warm Age
• Water levels higher
• Still a lot of dry land even if all ice near the
poles melted
• Glaciation and deglaciation—survival
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Earth Topographic Data Used
• US Dept of Commerce/NOAA/NESDIS/NGDC
website, National Geophysical Data Center,
http://www.ngdc.noaa.gov/mgg/gdas/gd_desi
gnagrid.html, accessed 23/12/2008
• 10-minute grid size for global data
• 1-minute grid size for Ireland
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Possible sea levels
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Ice caps melted
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−122 m 20,000 years ago
During the last ice age

20

0 m Now
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+5.5 m 125,000 years ago
Last global ‘warm spell’
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+50 m 3 million years ago
Last global warm age
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+ 70 m
Ice caps fully melted
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The Oceans as Moderators
• Convection
• Maximum density of water at around 4°C or
277 K
• Minimum density of ice at 0°C
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• Water vapour pressure is very low at around
0°C or below
• Water vapour pressure about 0.1 atmospheres
at 50°C
• Water vapour is a very effective energy
transporter
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The Winds
• Redistribute energy around the globe
• Heat and mass (principally water) transfer
to/from surface
• Differential heating and differences in
moisture content
• Coriolis forces and Earth’s topography
• Temperature decrease with altitude (to about
217 K or −56°C at 11,000 m)
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The Greenhouse Effect
• Oxygen and nitrogen are transparent to the
Sun’s and also the Earth’s emitted radiation
• Water vapour, carbon dioxide—greenhouse
gases
• Atmosphere—heated more
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• Water vapour is the major greenhouse gas
• Without water vapour—lower surface
temperature
• At 287 K the volume fraction of water vapour
in saturated air is about 1.58%
• The volume fraction of carbon dioxide in air is
about 0.0389%
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•
•
•
•
•
•
•
•

Inconsistency in classifying greenhouse gases
In the basic analysis: 275.7 K versus 287 K
Main cause of the difference (about 11 K)?
Greenhouse effect: work to be done
Carbon dioxide and carbon have been vilified!
Humans—CO2 & H2O
Hydrogen tax?
Reduction in water vapour emissions?
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• Water and carbon dioxide have individual
absorption and emission spectra
• This adds complexity to quantifying the
greenhouse effect due to each gas

32

• If radiation within a band of wavelengths is
already being fully absorbed by water vapour
or carbon dioxide?
• If the concentration of greenhouse gases is
doubled?
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Clouds
• Vapour, liquid and solid phases
• Clouds are visible and block direct sunlight
because they contain small particles of water.
• These small particles are nucleated by dust or
aerosols or electric charges
• Reflect, absorb and partially transmit solar
radiation as well as radiation emitted from the
Earth’s surface.
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• Clouds re-emit radiation upwards towards
space and downwards towards the Earth’s
surface
• Reduce the direct radiation received at the
surface of the Earth by day
• Reduce the direct radiation from the surface
of the Earth to outer space
• Store and release energy as latent heat
• Transport energy and water
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• How has human activity has influenced the
quantity, distribution and nature of global
cloud cover?
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The Thinness of the Biosphere
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• Average ocean depth: about 3.41 km
• If the Earth were smooth: about 2.62 km
• Thickness of the atmosphere could be taken
as, say, 50 km
• Average density about 1.2 kg/m3 at sea level
• If compressed to density of water: thickness
10 metres, or 0.00016% of the Earth’s radius.
• Average density of the Earth: about 5.5 times
density of water
38

• Thin atmosphere: shared without
geographical boundaries
• Whether humans are rich or poor they can
survive for only minutes if deprived of the
oxygen that they take from the atmosphere
• Perhaps the human right to breathe clean air
needs to be better enshrined
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– Thin atmosphere redistributes energy
– Redistributes and purifies water
– Provides oxygen
– A source and sink of carbon dioxide that
sustains living organisms
– Confers on the Earth the additional warmth
of the greenhouse effect
– Effective shielding from harmful radiation
and debris
40

• Thin atmosphere: can be damaged relatively
easily
• The oceans and the accessible outer layer of
the Earth’s crust: considerably more
substantial, but still relatively finite and
require to be managed on a global economic
basis
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The Earth’s Population
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• Primate fossil—about 47 million years ago
• Human-level activity—about 40,000 years ago
• Finite habitat: the Earth can sustain only a
finite population
• Recent or current rates of human population
• Acceptable living standards
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Region

Energy use
Child
Population
per capita malnutrition
[millions]
[kg oil equiv]
[%]

Europe &
Central Asia

446

2930

-

East Asia &
Pacific

1912

1258

13

South Asia

1522

468

41

800

670

27

Sub-Saharan
Africa

Source: 2007 data from 2009 WDI database, World Bank. April 20, 2009
44

• Turning down home-heating thermostats or
cycling to work rather than taking the car?
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Humankind’s Options
• Some labelled green or sustainable
• Others condemned or rejected
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Globally coordinated decisions and actions are
required in the following areas:
• Population
• Energy & Environment
• Recycling Resources
• Regulation
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Population
• Over the next thousand years?
• If humankind has to remain on the Earth?
• If certain sectors control their growth while
other sectors do not?
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Energy & Environment
•
•
•
•

Energy is not running out
‘Global warming’ implies ...
Plenty of solar energy passes by the Earth
Coal, tar sands and oil shales: energy needs
could be met for a long time to come
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• Global warming and pollution?
• Some options are not pretty
• Some options require discommoding or
displacing or spoiling
• Pollutants: retained or captured for recycling
• Carbon dioxide can be sequestered
• Radioactive waste: minimised, stored safely
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• Wind power, wave power, tidal power, biofuels, solar energy, energy-use efficiency
enhancement measures and various forms of
energy storage—advantages, limitations,
consequences
• Nuclear power, through fission
• Controlled nuclear power through fusion
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Recycling Resources
• Recycling resources effectively, keeping planet
Earth organised—major challenges
• Otherwise: a type of entropy death
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The Regulatory Problem
Suds on the River Liffey at Newbridge, Ireland
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Recent examples of leakage of radioactive
substances into the environment:
• Tricastin plant in France (2008)
• Bradwell plant in England (up to 2004)

54

• Alternative or green energy—no less in need
of proper diligence and regulation
• Energy in a concentrated form, concentrated
population
• All partners in the shared environmental
resource—represented, interests defended
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Challenges
• No easy answers—technical challenges
capable of being met
• Red Cross/Crescent and and Oxfam: natural
disasters, ostensibly linked to climate change,
are increasing and—large and growing
numbers of human beings are suffering or
dying
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• Oxfam: about 250 million people are affected
by natural disasters in a year
• Growth in human misery for the majority?
• Minority retains dominant control over
resources?
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• A reflection of lack of human solidarity
• Failure to recognise that the Earth’s biosphere
is a shared resource
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• Is the real challenge technical, societal?
• Mechanism for respected and just regulation
– to ensure that some do not disadvantage
others
– to ensure that all are held responsible
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The World Economy
• Financial dishonesty and inappropriate
economic risk taking
• Rule books torn-up
• Should facilitate orderly allocation and use of
resources
• Encourage work for benefit of society,
innovation, creativity, and responsibility
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• The world economy: segmented, disjointed
and win-lose
• A technical re-design seems called-for, but is
humankind smart enough?
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Conclusion
• Green label?—irrespectively, open mind on
options
• No definition of sustainability—very basics
• Globally concerted effort is required
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This presentation was delivered by Jim McGovern as one of the
keynote addresses at the 3rd International Conference on Sustainable
Energy & Environmental Protection, at Dublin City University, on Friday
14th August, 2009.
The audio tracks were recorded subsequently and total about 43
minutes, whereas the actual presentation lasted about 35 minutes.
The reference for the corresponding conference paper is:
McGovern, Jim, ‘The very basics of sustainability—an alternative
viewpoint’, in Environmental Protection Beyond 2020: Proceedings
of the 3rd International Conference on Sustainable Energy &
Environmental Protection - Part 1, Ed. Abdul Ghani Olabi, Sumsun
Naher and Marialuisa Acquaviva, 2009, Dublin, Ireland, 12–15
August, pp. 218–223.

